Abstract: This study replicates Nijkamp & Poot (2004) , henceforth N&P, and performs a variety of robustness checks. Using a sample of fiscal policy studies published between 1983-1998, N&P concluded that certain types of fiscal policies were more likely to confirm prior beliefs about their impact on economic growth than others. N&P also identified study attributes that impacted the likelihood of confirmation. We first demonstrate that we are able to exactly replicate their findings. We then attempt an alternative replication, returning to the original studies, and independently categorizing them using N&P's general classification scheme. We also investigate the implications of a number of methodological improvements on their analysis. Our analysis produces results that are qualitatively similar to N&P, though very few of our results are statistically significant. We use the lessons learned from this replication effort to suggest directions for future meta-analysis studies on the subject of fiscal policy and economic growth.
analyze; (iii) identification of study characteristics to investigate; and (iv) decision about the most appropriate procedure(s) for estimating the relationship between the dependent variable and study characteristics. A key element of the last item is whether to weight individual observations and, if so, which weighting mechanism to apply. It should be noted that there is an important element of subjectivity to many of these issues.
Much remains to be learned about the robustness of meta-analyses to alternative approaches. This study aims to contribute to this subject. We replicate the study "Metaanalysis of the effect of fiscal policies on long-run growth" by Nijkamp & Poot (2004) . We choose this study for two reasons. First, it addresses an important topic. The relationship between fiscal policy and economic growth is highly debated in both academic and policymaking circles. Second, the paper is influential. It has been cited 38 times in Scopus and 196 times in Google Scholar as of September 2013.
N&P analyzed 123 observations from 93 studies. Our replication uses the same classification categories employed by N&P to determine whether subjectivity in cataloguing the studies has an impact on the outcome of the meta-analysis. We also check for robustness of N&P's results to a number of alternative estimation methodologies.
Our analysis proceeds as follows. Section II describes the original N&P study and identifies four key findings from that study. Section III reports the results of two replication efforts. The first approach uses N&P's data to check the reproducibility of their published findings. The second approach implements an alternative application of N&P's general classification scheme. This section also identifies a number of important empirical and conceptual issues. Section IV checks the robustness of N&P key findings to alternative empirical methodologies. Section V summarizes our results and attempts to draw some lessons from our research for future meta-analyses.
II. DESCRIPTION OF NIJKAMP & POOT (2004).
N&P examine 93 studies published between 1983-1998 that reported on the empirical relationship between economic growth and one of five types of fiscal policies: (i) government consumption, (ii) tax rates, (iii) defence, (iv) education expenditures, and (v) public infrastructure. 1 All of the studies were refereed journal articles except a textbook by Barro (1997) and a chapter in an edited book by Dunne (1996) . Usually, one empirical outcome was recorded for each study, though some studies reported estimates for more than one type of fiscal policy. N&P's full sample comprise 123 observations.
The "dependent variable" in N&P's analysis is a categorical variable that reports whether a study supported the "conventional belief" regarding how a given fiscal policy affected economic growth. With respect to government investment in education and infrastructure, the "conventional prior belief" is that these expenditures are beneficial for economic growth. Government consumption/size, taxes, and defence spending are posited to be harmful to economic growth.
N&P categorize studies as either demonstrating a "conclusively positive effect," a "conclusively negative effect," or having an "inconclusive result" depending on the reported relationship between the respective fiscal policy and economic growth. In this, they do not use their own judgment, but rely on the "personal assessment of article authors(s)" as expressed in the study (N&P, page 93) . These results are then further categorized as "supporting," "rejecting," or "inconclusive" depending on whether the study's conclusions are in agreement with the conventional prior belief. N&P include many different types of studies in their analysis: cross-sectional studies, panel data studies, time series studies, VAR models (e.g., that test for Granger causality), Vector Error Correction models, CGE studies, some review articles, and even another meta-analysis.
1. These studies were previously reviewed narratively in Poot (2000) .
N&P use three empirical procedures in their meta-analysis. First, for each fiscal policy, they construct 95% confidence intervals around the proportion of observations that support the conventional prior. Second, they pool all the observations and then test for significant differences in the proportion of studies supporting the prior across various pairs of study characteristics (e.g., between studies that estimate conventional growth equations and other studies; between studies published in highly ranked journals and other studies; etc.).
Lastly, they use "rough set" analysis to link study attributes to study outcomes (Pawlak, 1982; . Our analysis focuses on their first two procedures.
A total of nine characteristics are reported for each study: 7. Level of development of region or country: (i) developed, (ii) less developed, or (iii) mixed 8. Rank of journal that the article was published in: One of the three tiers identified in Towe and Wright (1995), or "unranked." 9. Type of data: (i) cross-sectional, (ii) panel data, (iii) time series, or (iv) other.
Amongst cross-sectional and panel data regression observations, N&P identified those that were "conventional growth studies," defined as "linear regression models with the growth in real national output or income as the dependent variable." Conventional growth studies were yet further categorized according to whether they controlled for (i) initial income, (ii) population or labour force growth, and/or (iii) investment or savings.
In their conclusion, N&P discuss a large number of findings. Our replication and robustness analysis focuses on four findings for which the statistical evidence is strongest.
These are reported in TABLE 1.
III. REPLICATION OF NIJKAMP & POOT (2004).
Replication -Part I. With the exception of some data on research methodology, all of the study attributes analysed by N&P are available in Table 2 of their paper. Column 1 of Replication -Part II. We also undertook a less mechanistic replication of their work by revisiting the original 93 papers/123 observations used in N&P's study. Using the same classification scheme that N&P employed, we read each of the papers and made our own judgment about how to categorize them. In the course of doing this, we discovered that there are many issues in categorizing studies that introduce a potentially large component of subjectivity into the meta-analysis procedure. In this section, we highlight some of the issues we encountered in this exercise, along with a major change that we made to their procedure.
N&P classified study outcomes as demonstrating either a "conclusively positive effect," a "conclusively negative effect," or an "inconclusive result" depending on whether the study reported a positive, negative, or inconclusive relationship between the given fiscal policy and economic growth. As noted above, N&P did not use their own criteria/judgment 2. Jacques Poot graciously supplied us with the remaining data to enable us to fully replicate their results.
for classifying outcomes. Instead, they interpreted summary statements from the studies themselves to make this determination.
A problem with this approach is that different authors may apply different standards in interpreting their findings. The major change we made to N&P's procedure is that we use statistical significance as the criterion for categorizing empirical results into the three categories. We classify a coefficient estimate as demonstrating a conclusively positive (negative) effect if it is positive (negative) and significant at the 5% level. Any coefficient that is not statistically significant becomes an "inconclusive result." We apply this common standard to the 93 papers/123 observations. This alternative classification procedure raised a number of other issues.
Some of the papers included in N&P's sample were meta-analyses or review articles (Button, 1998; Dunne, 1996; Glomm & Ravikumar, 1997; Grobar & Porter, 1989; Lindgren, 1984; Munnell, 1992; Sala-i-Martin, 1994) . Other studies consisted of simulation exercises where key parameters were taken from other sources (Berthélemy et al., 1995; van Sinderen, 1993) . Studies that estimated VAR or VEC models often did not present enough information for us to categorize them. In the former case, lagged values of the respective fiscal policy variable were summarized in a table of Granger causality results, sometimes making it impossible to determine the overall effect and statistical significance of the respective fiscal policy variable (Ansari & Singh, 1997; Hsieh & Lai, 1994; Kollias & Makrydakis, 1997; Rao, 1989) . 3 In the latter case, cointegrating relationships were sometimes reported with no standard errors or t-statistics (Lau & Sin, 1997) . In all of the above instances, we chose to exclude the papers/observations from our reclassified sample.
3. While N&P list this reference as Kollias and Makrydakis (1997) , the study is actually single-authored by Kollias.
Another issue arose when studies did not report coefficient standard errors or tstatistics (Bairam, 1990; Faini, et al., 1984; Gemmel, 1983; Mohammed, 1993; Wylie, 1996) .
Other studies/observations included squared or interaction terms so that the overall effect and significance of the fiscal policy variable could not be determined (Baffes & Shah, 1998; Barro, 1997; da Silva Costa et al., 1987 (Gyimah-Brempong, 1989; Roux, 1996) .
Another issue arose when the dependent variable consisted of something other than income. For example, Aschauer (1989c) estimates regressions where the dependent variables consist of measures of private capital crowding out. All observations where the dependent variable was not directly related to national/regional income were omitted from the reclassified sample (Bairam, 1988; Binswanger, Khandker, & Rosenzweig, 1993; Lynde & Richmond, 1992 Morrison & Schwartz, 1996) . In all, a total of 37 observations were excluded, leaving the N&P reclassified data set with 86 observations from 64 unique studies. 4. We also eliminated observations where no regression results were reported, or where we were unable to match regression results from the study with the records in N&P (e.g., Hulten & Schwag, 1991; Levine & Renelt, 1992; and Easterly & Rebelo, 1993) .
The results from this additional replication exercise are reported in Column (3) of are inconclusive is approximately the same, the number of studies that support the conventional prior drops from 68 to 37. The source of this difference can be tied to "nonconventional" fiscal impact studies (e.g., simulations, VARs, etc.), which are far more supportive of the prior than conventional growth regressions. There are also notable differences in the Research Methodology section. Details of differences between our classification and N&P's are given in Appendix II. In order to facilitate comparison between N&P's categorization and our own, Appendix II presents the observations according to their observation number in Table 2 of N&P (page 96)
We would expect that changes of this magnitude would impact the conclusions to be drawn from this meta-analysis of fiscal policy and economic growth. To investigate this, we reproduce the statistical tests that underlie N&P's four main findings. These are reported in TABLES 3A and 3B.
N&P's FINDING #1 is based on the fact that 92% of education studies, and 72% of public infrastructure studies, support the conventional prior, compared with 60, 52, and 29% of taxation, defence, and government consumption studies. While N&P do not directly test for differences between fiscal categories, they do report confidence intervals for each. Many of these overlap. For example, they calculate a 95% confidence interval of (0.57, 0.99) for education studies, compared to (0.26, 0.89) for taxation studies.
When we apply the same methodology employed by N&P, we obtain similar, albeit weaker results. The bold-faced rows beneath the N&P rows recalculate the respective proportions and confidence intervals using the reclassified data. While a majority of the education and infrastructure studies support the conventional prior, we find that the level of support is lower (0.75 versus 0.92 for education; 0.60 versus 0.72 for infrastructure). Further, the smaller number of studies (see Section i of TABLE 2) means that these proportions are estimated less precisely, so that the confidence intervals span a larger range. The combined effect allows even less confidence in support of N&P's FINDING #1.
Further thought suggests, however, that N&P's methodology can be improved upon.
A problem arises in that N&P treat the response variable ("support for the prior") as a binary variable, when in fact it is ternary. We discuss this in greater detail in the next section. for the test of differences associated with conventional growth studies that did/did not include initial income, and the test of differences for high versus lower ranked journals.
We are unable to find statistical support for any of N&P's findings using our reclassified sample. All of our observed differences in sample proportions are insignificant at the 20% level. The closest we come to corroborating N&P is FINDING #2, where we also find that conventional growth regressions are less likely to support the conventional prior than other types of studies, and the associated p-value is 0.227.
Summarizing our findings to this point, we find that the classification of studies involves a number of subjective judgments that impact the conclusions one draws from a meta-analysis. To the best of our knowledge, the degree to which subjectivity can affect meta-analysis outcomes has not been explicitly discussed (though it frequently mentioned in general terms). This subjectivity may be less of a problem for disciplines where the studies are primarily controlled experiments, with a limited number of controlling variables and methodologies. But in economics, where the data and empirical specifications vary greatly, and where a wide variety of econometric procedures are employed, it should be common practice for researchers to report how they classified the individual studies in their sample.
The reason for this is that economics studies are likely to be characterized by a greater degree of subjectivity. The N&P study is a good role model in this regard, as their Table 2 reports attribute details for each of the studies in their sample.
The next section examines the robustness of these results to a variety of alternative empirical procedures. Before doing so, and partly to motivate the procedures we employ, we discuss additional issues associated with the application and interpretation of the metaanalysis procedure as it applies to fiscal policies.
In assessing the growth effects of tax and spending policies, N&P included estimated fiscal impacts that differed in their treatment of the government budget constraint. This affects the size and significance of the fiscal policy variables, as well as their interpretation. 1970-1979 and 1980-1989; along with the full sample, 1970-1989. Our approach is to include the regression from each sample as a separate observation. The next section investigates robustness across alternative approaches for addressing these issues.
IV. ROBUSTNESS CHECKS.
Much of N&P's analysis consists of either (i) 95% confidence intervals around the sample proportion of studies that confirm the conventional prior, or (ii) tests of differences in sample
proportions for different pairs of study attributes. There are two shortcomings of these approaches. Firstly, they ignore the influence of other variables that may affect the likelihood that a given study supports the conventional prior. 8 For example, education studies may tend to support the conventional prior, on average, if a disproportionate number of these consist of conventional growth studies. To properly test whether education studies are more likely to support the conventional prior after controlling for other factors, we should employ an estimation procedure that includes other explanatory variables Secondly, when N&P construct their 95% confidence intervals, they treat the outcomes of studies as binary, as either supporting the conventional prior or not. So, if 75%
of studies for a given fiscal policy found a "conclusively positive effect" with 25% being 8. To some extent, N&P address this through their use of "rough set" analysis.
inconclusive, this would be treated identically to a case with 75% conclusively positive and 25% conclusively negative.
To address the gradations of confirmation for the conventional prior, we use an ordered logit estimation methodology that allows for each of three outcome categories. The dependent variable CONFIRMS is ordered from lowest to highest values depending on whether the coefficient/study rejects, is inconclusive, or supports the conventional prior. One complication with ordered logit/probit is that it assumes homoskedasticity. Unlike in linear models, in nonlinear models heteroskedasticity causes coefficient estimates to be biased and inconsistent (Williams, 2010) . Furthermore, we might expect heteroskedasticity to be an issue with N&P's data set because the studies span different fiscal categories. As discussed above, some of the fiscal study categories may be less/more homogeneous than others. Defence studies are likely to use similar measures of fiscal policy (military expenditures per capita or as a share of GDP). In contrast, public infrastructure spending is often broken down by category (e.g., transportation spending, all public capital expenditures, etc.).
One would expect the latter to lead to greater heterogeneity in effects. Accordingly, we first test whether our model specifications satisfy the assumption of homoscedasticity. observations. Column (2) repeats the estimation, except that it uses the 86 observations from the reclassified sample we describe in the previous section. Column (3) uses generalized ordered logit estimation on an expanded sample of observations that includes every relevant coefficient estimate in the reclassified sample. As noted above, some of these studies report a large number of estimates, so that the size of this sample is 1599 observations. One potential 9. We use the oglm procedure developed for Stata and described by Williams (2010) .
criticism here is that studies that report many coefficient estimates are more heavily weighted than those that report few coefficient estimates. Given that the number of coefficients per study ranges from a minimum of 1 to a maximum of 164, with a median value of 10, the degree of disproportionate weighting across the 64 studies is substantial.
To address this concern, Column (4) repeats the generalized ordered logit estimation, but weights each observation by the inverse of the number of the coefficients in each study.
Thus, an observation from a study that reports only one coefficient estimate receives 10 times the weight as each of the ten observations from a study that reports 10 coefficient estimates.
10
As there is no generally accepted procedure in the meta-analysis literature for how to weight observations across studies with different numbers of estimates per study, Columns (3) and (4) provide two "bookend" approaches to alternative weighting schemes. In addition, cluster robust standard errors are calculated for the generalized ordered estimation of Columns (3) and (4), with clustering by study.
11
Logit/probit coefficient estimates are difficult to interpret, and this is even truer for ordered logit/probit with multiple categorical variables. Positive (negative) coefficients are associated with a greater (smaller) probability that the given variable will predict a higher category of CONFIRMS. For example, the coefficient for the variable E, a dummy variable indicating that the study/coefficient is associated with education, is estimated to be +1.8457
in the ordered logit regression of Column (1). This means that compared to fiscal studies on taxation, education studies are more likely to support the prior. We can use this, and the 10. We use the "pweights" weighting option in Stata. Conceptually, each study can be thought of sampling from a population of coefficient estimates. A study with one estimate can be viewed as having ten times the probability of sampling that estimate relative to an estimate from a study with ten estimates. This would be the case if the author of the study with one coefficient estimate reported that estimate because it is representative of other, similar estimates that were not reported. 11. Many meta-analyses also weight by size of sample, or coefficient standard deviation. We didn't do this because the dependent variable is based on whether the respective coefficient was statistically significant, so that size of sample/standard deviation of coefficient was already included, in part, in the construction of the dependent variable.
other coefficient estimates, to predict the probability that a given observation supports the conventional prior. Following through on our education example, if all observations had values E = 0, the associated average predicted probability would be 0.528. This compares to an average predicted probability of 0.841 if observations took the value E = 1. In contrast, the estimated coefficient for the variable C in Column (1) (4), then I drops out of the variance component of the likelihood function. When this problem occurs, we reestimate the main specification using ordered logit, so that both the larger and the nested specifications are estimated using the same procedures.
find strong evidence that education and infrastructure are statistically distinct, which is consistent with N&P's FINDING #1.
The last three rows of 
V. CONCLUSION.
This paper replicates Nijkamp and Poot's (2004) meta-analysis on fiscal policy and economic growth. N&P were concerned with categorizing studies with respect to how well they supported "conventional prior beliefs" about fiscal policies and economic growth. While that study is now somewhat dated with respect to subsequent literature on this topic, it remains the most recent meta-analysis study on this subject. 14 We decided to replicate this study given the importance of the subject and the fact that it continues to be actively cited in the literature. 15 Our analysis focuses on reliability and robustness, with the auxiliary goal of developing lessons for future meta-analyses on this subject.
13. When we drop the Growth_Initial variable so that the only growth variable in the equation is Growth, the estimated coefficients and p-values are, respectively: -0.6464 (0.121), -0.6466 (0.287), -0.8433 (0.014)**, and -0.0472 (0.951). 14. Though there are more recent studies that focus on a single fiscal policy area, such as public capital and military expenditures. 15. A check on Google Scholar and Scopus find numerous recent citations to N&P.
With respect to reliability, we find that there are a number of subjective margins involved in categorizing research. N&P relied on the original authors' own conclusions of their studies. We investigated the importance of this approach by adopting a criterion that focussed on the statistical significance of coefficient estimates. We reclassified all 93 studies included in N&P's sample, excluding any studies/observations that did not report relevant standard errors/t-statistics. This eliminated review studies, other meta-analysis studies, and studies where multiple coefficients were associated with the respective fiscal policies, among others. It reduced the number of observations from N&P's original sample of 123 observations, down to 86. This alternative classification procedure generally resulted in lower rates of confirmation with respect to conventional priors (cf TABLE 4). We also expanded the dataset by including every relevant coefficient estimate from every study for which statistical significance could be determined. This greatly expanded the data set from 86 to 1599 observations, as some studies reported very large numbers of estimation results.
Finally, we investigated alternative weighting procedures, and alternative ways of calculating standard errors (clustering on publication).
Given these substantial robustness checks, it is not surprising that we obtain mixed results. Qualitatively, however, our results generally support N&P's original findings:
Studies on education and public infrastructure are generally more likely to produce results that support conventional prior beliefs. Studies published in top-ranked journals are generally less likely to support conventional prior beliefs. And we find some evidence to indicate that the particular specification of a growth equation (i.e., whether it included initial income) can affect results. However, very few of our results are statistically significant.
With respect to future research in this area, we identify two shortcomings in the original N&P study. An inspection of the original studies suggests that estimates of the impact of fiscal policies are substantially affected by other fiscal variables in the equation. Spe-cifically, given that public expenditures must satisfy some kind of budget equality, expenditure variables are implicitly measured relative to some alternative budget regime. Greater expenditures in one fiscal area must be funded by decreased expenditures in other areas, increased revenue enhancements, borrowing, or a combination of the above. As there is no standard specification, studies differ in the fiscal variables they include in their specifications.
Thus, two studies examining educational expenditures can produce very different estimates depending on the omitted fiscal variables. For example, in Helms (1985) , the omitted fiscal variable is transfer payments. Often studies do not include other fiscal variables, so the omitted fiscal variables are a conglomeration of tax, spend, and borrow policies. N&P make no allowance for this in their classification of study attributes. Future research should categorize how empirical specifications address the government budget constraint.
The other shortcoming relates to the fact that fiscal policies can be measured by a wide assortment of variables. For example, educational policy is sometimes measured by educational attainment of the population, and sometimes by current expenditures on education. Given the differences in these variables, future studies of the impacts of fiscal policies on economic growth should focus on a narrower range of variables. With the internet and research networks greatly facilitating the identification and collection of fiscal policy studies, future research should be able to obtain a reasonably large sample of studies even with a narrower, more consistent definition of the respective fiscal policy variables.
In conclusion, N&P's qualitative findings hold up reasonably well given the substantial robustness checks we subject it to. And while it is true that many of their findings are not statistically significant in our replication, neither were they in N&P's original analysis. 16 The most obvious omission in our replication is that we have not attempted to update N&P's 16. As noted above, only FINDING #2 is significant at the 5% level in N&P's study. FINDINGS #3 and #4 are significant at the 20% level, and FINDING #1 is not subject to hypothesis testing in their analysis.
meta-analysis with more recent studies. The reason for this omission lies in the two shortcomings we identify above. Rather than appending the original N&P study with more recent studies, our judgment is that future meta-analyses on this subject should be reformatted to include additional study attributes, and should focus on a narrower, more consistent set of measures of fiscal policy. Table 3 reports the percent of studies. The latter is easily converted to numbers using the appropriate number of observations. a N&P classify an observation as a "conventional growth regression" if (i) it is a regression model with either cross-sectional or panel data, and (ii) the dependent variable is either the growth in national income or output. .7% of the education observations in N&P's original dataset confirmed the conventional prior. The "N&P Sample" is the original sample of 123 observations from N&P's study. "The "N&P Reclassified Sample" consists of 86 observations derived from our alternative approach to applying N&P's classification scheme to the studies in their sample. The "Multiple Observations Per Study Sample" consists of an expanded sample which includes every coefficient estimate from every study for which statistical significance could be determined. All three samples are described in greater detail in the text. 
